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(54) PROCESS FOR PREPARING OLEFIN POLYMERS 

(57) A method for producing an olefin polymer, 
characterized in that an olefin is hcmopolymerized or 
copolymerized in the presence of a catalyst for olefin 
polymerization, comprising the following (A) and (C) as 
catalyst components, or a catalyst for olefin polymeriza- 
tion, comprising the following (A). (B) and (C) as cata- 
lyst components: 

(A)a transition metal complex dissolved, suspended 
or slurried in an aliphatic hydrocarbon compound; 
(8) an organoaluminum compound or aluminoxane 
selected from compounds(BI) to (B3) dissolved, 
suspended or slurried in an aliphatic hydrocarbon 
compound, and" " ~ 
(C) at least one boron compound selected from 
compounds(CI) to (C3) suspended or slurried in an 
aliphatic hydrocarbon compound. 
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Description 

TECHNICAL FIELD 

The present invention relates to a method tor pro- 
ducing an olefin polymer. More particularly, the present 
invention relates to a method for producing an olef in pol- 
ymer using a transition metal compound represented by 
a metallocene complex, which does not require use of 
an aromatic hydrocarbon as a solvent. 

In the present invention, the olefin polymer includes 
a homopolymer of an olefin and a copolymer of a plural- 
ity of olefins. 

BACKGROUND ART 

It has been reported that a catalyst for polymeriza- 
tion, comprising a transition metal compound, particu- 
larly a diimine complex or a transition metal complex 
containing one or two groups having a cyclopentadiene 
type anionic skeleton, e.g. a so-called non-metallocene 
complex or metallocene complex, respectively, and alu- 
minoxane exhibits a high activity. Particularly, when the 
metallocene complex is used, an olefin polymer haying 
narrow molecular weight distribution and composition 
distribution, that is. the resulting olefin polymer exhibits 
considerably useful feature from industrial point of view. 
Therefore, a lot of reports have recently been made 
(e.g. Japanese Patent Publication (Kokai) No. Sho 58- 
19309). It has also been reported that high activity is 
exhibited in the olefin polymerization in case of a sys- 
tem using no aluminoxane. that is, in a method using a 
specific boron compound (e.g. Japanese Patent Publi- 
cation (Kbhyo) No. Hei 1-502036, Japanese Patent 
Publication (Kokai) Nos. Hei 6-157651, Hei3-1 63088 
and Hei3-1 88092). 

Since already known transition metal compounds 
such as ethylenebis(indenyl)zirconium dichloride, iso- 
propylidene(cyclopentadienyl)(fluorenyl)zirconium 
dichloride. dimethylsilyl(tertbutylamide)(tetramethylcy- 
clopentadienyl)titanium dichloride, etc. are soluble in an 
aromatic hydrocarbon solvent such as toluene, etc., but 
hardly dissolve in an aliphatic hydrocarbon solvent. 
Therefore, the transition metal compound was normally 
handled in the form of a solution of the aromatic hydro- 
carbon solvent. 

Furthermore, the above boron compound is a par- 
ticulate solid and has a problem that it dissolves in the 
aromatic hydrocarbon solvent such as toluene, etc. to 
some extent but its solubility in the other solvent, partic- 
ularly aliphatic hydrocarbon solvent, is very low. In gen- 
eral, in the polymerization of an olefin using a 
conventional transition metal compound, it is obliged to 
use the aromatic hydrocarbon solvent such as toluene, 
etc. Such a solvent is liable to remain in a polymer as 
the product to give off an odor, resulting in a large prob- 
lem. 
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DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a 
method of producing an olefin polymer using a transition 
5 metal compound, which does not require use of an aro- 
matic hydrocarbon solvent which is liable to remain in a 
polymer as the product to give off an odor. 

That is, according to the present invention, there is 
provided a catalyst for olefin polymerization obtained 
10 using (A) and (C) described below or a method for pro- 
ducing an olefin polymer, which comprises horn ©polym- 
erizing or copdymerizing olefins in the presence of a 
catalyst for olefin polymerization obtainable by using the 
N following (A) (B) and (C) as catalyst components: 

(A) : a transition metal complex dissolved, sus- 
pended or slurried in an aliphatic hydrocarbon com- 
pound; 

(B) : a compound dissolved, suspended or slurried 
20 in an aliphatic hydrocarbon compound, which is 

selected from the following (B1) to (B3): 

(B1) an organoaluminum compound repre- 
sented by the general formula E 1 a AIZ 3 . a ; 
25 (B2) a cyclic aluminoxane having a structure 

represented by the general formula {-AtfE 2 )-©- 
} b :and 

(B3) a linear aluminoxane having a structure 
represented by the general formula E 3 {-Al(E 3 )- 

30 b-)c AIE3 2 (wherein E 1 to E 3 respectively repre- 

sents a hydrocarbon group having 1 to 8 car- 
bon atoms, and all of E 1 , E 2 and E 3 may be the 
same or different; 2 represents a hydrogen 
atom or a halogen atom, and all of Z may be 

35 the same or different; a represents a numeral 

satisfying 0 < a s 3; b represents an integer of 
not less than 2; and c represents an integer of 
not less than 1); and 

40 (C): at least one boron compound suspended or 
slurried in an aliphatic hydrocarbon compound, 
which is selected from the following(CI) to (C3): 

(C1) a boron compound represented by the 
45 general formula BQ'tfQ 3 ; 

- — ^ C 2j a boron compound represented by the 

general formula G + (BQ 1 Q 2 Q 3 Q 4 )*; and 

(C3) a boron compound represented by the 

general formula (L-H) + (BQ 1 Q 2 Q 3 Q 4 )* 

so 

(in each of the above general formulae, B is a boron 
atom in the trivalent valence state. Q 1 - Q 4 are a 
halogen atom, a hydrocarbon group, a halogenated 
hydrocarbon group, a substituted silyl group, an 
55 aikoxy group or a di-substituted amino group, which 
may be the same or different, respectively. G + is an 
inorganic or organic cation, L is a neutral Lewis 
base, and (L-H) + is a Bransted acid.) 
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Th present invention will be described in detail 
hereinafter. 

Ail of the components (A) and component (C) or the 
additional component (B), which constitute the catalyst 
for olefin polymerization of the present invention, do not 
require an aromatic hydrocarbon compound as a sol- 
vent. As the solvent for dissolving, suspending or slurry- 
ing these catalyst components, an aliphatic 
hydrocarbon solvent is used. 

(A) Transition metal component 

The component(A) of the catalyst for polymerizing 
an olefin used in the present invention is a dissolved, 
suspended or slurried transition metal component. 

The transition metal compound is preferably a com- 
pound of Group II I -XI I or Group of lanthanide of the 
Periodic Table of the Elements (1993, IUPAC), and vari- 
ous transition metal compounds having an olefin polym- 
erization activity (e.g. metallocene complex, non- 
metallocene complex, etc.) can be employed. A transi- 
tion metal compound of Group IV or lanthanide series is 
more preferred, and a transition metal compound hav- 
ing at least one cyclopentadiene type anionic skeleton, 
i.e. metallocene transition metal compound is most pre- 
ferred. 

The metallocene transition metal compound is a 
compound represented by the following general formula 
(3): 

ML a R 3 p. a General formula (3) 

(wherein M represents a transition metal compound of 
Group IV or lanthanide series of the Periodic Table of 
the Elements (1993. IUPAC); L represents a group hav- 
ing a cyclopentadiene type anionic skeleton or a group 
having a hetero atom, at least one of which is a group 
having a cyclopentadiene type anionic skeleton, and a 
plurality of L may be the same or different and may be 
crosslinked each other; R 3 represents a halogen atom 
or a hydrocarbon group having 1 to 20 carbon atoms; a 
represents a numeral satisfying 0<asp; and p repre- 
sents a valence of a transition metal atom M). 

In the general formula (3) representing the metal- 
locene transition metal compound, M is a transition 
metal compound of Group IV or lanthanide series of the 
Periodic Table of the Elements (1993, IUPAC). Specific 
examples of the transition metal atom of Group IV 
include a titanium atom, a zirconium atom, a hafnium 
atom, etc., and specific examples of the transition metal 
atom of lanthanide series include a samarium atom. 
Among them, titanium atom, zirconium atom or hafnium 
atom is preferred. 

In the general formula (3) representing the metal- 
locene transition metal compound, L is a group having a 
cyclopentadiene type anionic skeleton or a group hav- 
ing a hetero atom, at least one of which is a group hav- 
ing a cyclopentadiene type anionic skeleton, and a 



plurality of L may be the same or different and may be 
crosslinked each other. 

Examples of the group having a cyclopentadiene 
type anionic skeleton include ti 5 -cyclopentadienyl 

5 group, ^-substituted cyclopentadienyl group or a poly- 
cyclic group having a cyclopentadiene type anionic skel- 
eton. Examples of the substituent of the n s -substituted 
cyclopentadienyl group include hydrocarbon group hav- 
ing 1 to 20 carbon atoms, halogenated hydrocarbon 

10 group having 1 to 20 carbon atoms or silyl group having 
1 to 20 carbon atoms. Examples of the polycyclic group 
having a cyclopentadiene type anionic skeleton include 
ti 5 -indenyf group, ti s -fluorenyl group, etc. 

Examples of the hetero atom in the group having a 

is hetero atom include nitrogen atom, phosphorous atom, 
oxygen atom, sulfur atom, etc. Examples of the group 
having such a hetero atom include hydrocarbylamino 
group, hydrocarbytphosphino group, hydrocarbyloxy 
group, hydrocarbytthio group, etc., preferably alkoxy 

20 group, aryloxy group, alkylthio group, arylthio group, 
dialkylamino group, diarylamino group, dialkylphos- 
phino group and diarytphosphino group. 

Specific examples of the t^ 5 - substituted cyclopenat- 
dienyl group include T| 5 -methy (cyclopentadienyl group, 

25 ti 5 -ethylcyclopentadienylgroup, ti 5 -n-propylcyclopenta- 
dienyl group, Tt 5 *isopropylcyclopentadtenyl group. ii s -n- 
butylcyclopentadienyl group, n 5 -isobutylcyclopentadi- 
enyl group, n 5 -sec-butylcyclopentadienyl group, rj 5 -tert- 
butylcyclopentadienyl group, Ti 5 -1,2-dimethylcyclopen- 

30 tadienyl group, tj 5 -1 ,3-dimethylcyclopentadienyI group. 
il 5 -1 ( 2,3-trimethylcyclopentadienyl group, ii 5 -1,2,4-tri- 
methylcyclopentadienyl group. n 5 -tetramethylcyc!open- 
tadienyl group. ti 5 -pentamethylcyclopentadienyl group, 
?i s -f imethylsilylcyclopentadienyl group, etc. 

35 Specific examples of the polycyclic group having a 
cyclopentadiene type anionic skeleton include ?i 5 -inde* 
nyl group. ii 5 -2-methylindenyl group, ti s -4-methylindenyl 
group. n 5 -4,5,6,7-tetrahydroindenyl group, ti 5 -fluorenyl 
group, etc. 

40 Specific examples of the group having a hetero 
atom include methoxy group, ethoxy group, propoxy 
group, butoxy group, phenoxy group, methyfthio group, 
dimethylamino group, diethylamino group, dipro- 
pylamino group, dibutylamino group, dtphenylamino 

45 group, pyrrolyl group, dimethylphosphino.group. etc. 

' The groups having a cyclopentadiene type anionic 
skeleton, or the group having a cyclopentadiene type 
anionic skeleton and the group having a hetero atom 
may be crosslinked each other. In that case, an alkylene 

so group (e.g. ethylene group, propylene group, etc.), a 
substituted alkylene group (e.g. dimethy (methylene 
group, diphenylmethylene group, etc.) or a substituted 
silylene group (e.g. silylene group, dimethylsilylene 
group, diphenylsilylene group, tetramethyldisilytene 

55 group, etc.) may exist between the groups. 

R 3 in the general formula (3) representing the met- 
allocene transition metal compound is a halogen atom 
or a hydrocarbon group having 1 to 20 carbon atoms, a 
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is a numeral satisfying 0 < a s p, and p is a valence of a 
transition metal atom M. Specific examples of R 3 
include a fluorine atom, a chlorine atom, a bromine 
atom, iodine atom as the halogen atom and methyl, 
group, ethyl group, n-propyl group, isopropyl group, n- s 
butyl group, phenyl group, benzyl group and the like as 
the hydrocarbon group having 1 to 20 carbon atoms. R 3 
is preferably a chlorine atom, methyl group or benzyl 
group. 

Among metallocene transition metal compounds, 10 
specific examples of the compound wherein the transi- 
tion metal atom M is a zirconium atom include 
bis(cyclopentadienyi)zirconium dichloride. bis(methyl- 
cyclopentadienyt)zirconium dichloride. bis(pentamethyl- 
cydopentadienyljzirconium dichloride, bis(indenyl)zir- is 
conium dichloride. bis(4.5.6.7-tetrahydroindenyl)zirco- 
nium dichloride, bis(fluorenyl)zirconium dichloride. eth- 
ylenebis(indenyl)zirconium dichloride, ethytene- 
bis(4 1 5,6,7-tetrahydroindeny0zirconium dichloride. iso- 
propylidene(cyclopentadienyl)(fluorenyl)zirconium di- 20 
chloride, dimethylsilylenebis(cyclopentadienyl)zirco- 
nium dichloride. dimethylsilylenebis(4,5,6.7-tetrahy- 
droindenyi)zirconium dichloride, dimethylsily1ene(cyclo- 
pentadienyl)(fluorenyt)zirconium dichloride, diphenylsi- 
lylenebis(indenyl)zirconium dichloride. (cyclopentadi- 25 
enyl)(dimethylamide)zirconium dichloride, (cyclopenta- 
dienyl)(phenoxy)zirconium dichloride. dimethylsilyl(tert- 
butylamide)(tetramethylcyclopentadienyl)zirconium di- 
chloride, bis(cyclopentadienyl)zirconium , dimethyl, 
bis(methylcyclopentadienyl)zirconium dimethyl. 30 

bis(pentamethylcyclopentadienyl)zirconium dimethyl. 
bis(indenyl)zirconium dimethyl. bis(4,5,6,7-tetrahydroin- 
denyOzirconium dimethyl. bis(fluorenyl)zirconium dime* 
thyl. ethylenebis{indenyl)zirconium dimethyl, 
dimethylsilyl(tert-butylamide)(tetramethylcyclopentadi- 35 

enyl)zirconium dimethyl, etc. 

There can also be exemplified compounds wherein 
zirconium of the above zirconium compounds is 
replaced by titanium or hafnium. 

These metallocene transition metal compounds 40 
may be used alone or in combination of two or more. 

The component (A) of the catalyst for olefin polym- 
erization used in the present invention is a transition 
metal compound dissolved, suspended or slurried in the 
aliphatic hydrocarbon compound, and a transition metal 4s 
compound dissolved in the aliphatic hydrocarbon com- 
pound is preferably used. 

Examples of the transition metal compound soluble 
in such an aliphatic hydrocarbon compound, include 
isopropylidene(cycloperrtadienyl)(3-tert-butyl-5-methyl- so 
2-phenoxy)titanium dichloride. dimethylsilyl(tetramethyl- 
cydopentadienyt)(3-tert-buty1-S-methyl-2-phenoxy)tita- 

nium dichloride, etc. 

(B) Organometallic component 55 

The component (B) used in the present invention is 
a compound dissolved, suspended or slurried in an 



aiiphattc hydrocarbon compound, which is selected 
from (B1) an organoaluminum compound represented 
by the general formula E 1 a AIZ 3 _ a . (B2) a cyclic alumi- 
noxane having a structure represented by the general 
formula {-AI(E 2 )-0-J b and (B3) a linear aluminoxane 
having a structure represented by the general formula 
E 3 {-Al(E 3 )-0-} c AIE 3 2 (wherein E 1 to E 3 respectively rep- 
resents a hydrocarbon group having 1 to 8 carbon 
atoms, all of E 1 , all of E 2 and all of E 3 may be the same 
or different; Z represents a hydrogen atom or a halogen 
atom, and all of Z may be the same or different; a repre- 
sents a numeral satisfying 0 < a s 3; b represents an 
integer of not less than 2; and c represents an integer of 
not less than 1). 

Specific examples of the organoaluminum com- 
pound (B1) represented by the general formula E^AIZa. 
a include trialkylaluminum such as trimethylaluminum, 
triethylaluminum, tripropylaluminum, triisobutyfalumi- 
num. trihexylaluminum, etc.; dialkyfaluminum chloride 
such as dimethylaluminum chloride, diethylaluminum 
chloride, dipropytaluminum chloride, diisobutylalumi- 
num chloride, dihexylaluminum chloride, etc.; alkylalu- 
minum dichloride such as methylaluminum dichloride, 
ethylaluminum dichloride, propylaluminum dichloride, 
isobutylaluminum dichloride. hexylaluminum dichloride, 
etc.; and dialkylaluminum hydride such as dimethylalu- 
minum hydride, diethylaluminum hydride, dipropylalumi- 
num hydride, diisobutylaluminum hydride, dihexyl- 
aluminum hydride, etc. 

Among them, trialkylaluminum is preferred and tri- 
ethylaluminum or triisobuty (aluminum is more preferred. 

Specific examples of E 2 and E 3 in <B2) a cyclic alu- 
minoxane having a structure represented by the general 
formula {-AI(E 2 )-0-} b and (B3) a linear aluminoxane 
having a structure represented by the general formula 
E 3 -{AI(E 3 )-0-} c AlE 3 2 include alkyl group such as methyl 
group, ethyl group, n-propyl group, isopropyl group, n- 
butyl group, isobutyl group, n-pentyl group, neopentyl 
group, etc. b is an integer of not less than 2, c is an inte- 
ger of not less than 1. Each of E 2 and E 3 is preferably 
methyl group or isobutyl group, b is from 2 to 40 and c is 
from 1 to 40. 

The above aluminoxane is prepared by various 
methods. The method is not specif ically limited, and the 
aluminoxane may be prepared according to a known 
method. For example, the aluminoxane is prepared by 
contacting a solution, which is obtained by dissolving a 
trialkylaluminum (e.g. trimethylaluminum, etc.) in a suit- 
able organic solvent (e.g. benzene, aliphatic hydrocar- 
bon, etc.) with water. Also, there can be illustrated a 
method for preparing the aluminoxane by contacting a 
trialkylaluminum (e.g. trimethylaluminum. etc.) with a 
metal salt containing crystal water (e.g. copper sulfate 
hydrate, etc.). 

(C) Third component 

As the component (C) in the present invention. 
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there can be used one or more boron compounds 
selected from the following (C1) to (C3): 

(C1 ) a boron compound represented by the genera! 
formula BQ^Q 3 ; s 
(C2) a boron compound represented by the general 
formula G + (BQ 1 Q 2 Q 3 Q 4 )'; and 
(C3) a boron compound represented by the general 
formula (L-H) + (8Q 1 Q 2 Q 3 Q 4 )'. 

10 

In the boron compound (C1) represented by the 
general formula BQ^Q 3 , B is a boron atom in the tri- 
valent valence state; Q 1 to Q 3 may be the same or dif- 
ferent and represent a halogen atom, a hydrocarbon 
group having 1 to 20 carbon atoms, a halogenated is 
hydrocarbon group having 1 to 20 carbon atoms, a sub- 
stituted silyl group having 1 to 20 carbon atoms, an 
alkoxy group having 1 to 20 carbon atoms or an amino 
group having 2 to 20 carbon atoms. Q 1 to Q 3 are prefer- 
ably a halogen atom, a hydrocarbon group having 1 to 20 
20 carbon atoms or a halogenated hydrocarbon group 
having 1 to 20 carbon atoms. 

Specific examples of the compound (01 ) include 
tris(pentafluorophenyl)borane, tris(2,3,5,6-tetrafluor- 
ophenyl)borane. tris(2,3,4,5-tetraf luorophenyl)borane. 2s 
trispAS-trifluorophenyOborane, tris(2,3,4-trrfluorophe- 
nyl)borane, phenylbis(pentafluorophenyf)borane, etc.. 
most preferably tris(pentaf luorophenyl)borane. 

In the boron compound (C2) represented by the 
general formula G*(BQ 1 Q 2 Q 3 Q 4 )\ G + represents an 30 
inorganic or organic cation; B is a boron atom in the tri- 
valent valence state; and Q 1 to Q 4 are as defined in Q 1 
toQ 3 in the above (1). 

Specific examples of G + as an inorganic cation in 
the compound represented by the general formula 3s 
G + (BQ 1 Q 2 Q 3 Q 4 )' include ferrocenium cation, alkyl-sub- 
stituted ferrocenium cation, silver cation, etc. Examples 
of the G* as an organic cation include triphenylmethyi 
cation. O* is preferably a carbenium cation. Examples 
of (BC^tftfQ 4 )" include tetrakis(pentaf1uorophe- 40 
nyijborate, tetrakis(2,3.5,6-tetrafluorophenyl)borate. tet- . 
rakis(2 ( 3.4,5-tetrafluorophenyl)borate. tetrakis(3.4,5- 
trifluorophenyl)borate, tetrakis(2,3,4-trifluorophe- 
nyijborate. phenyltris(pentafluorophenyt}borate. tet- 
rakis(3,5-bistrifluorbmethylphehyl)borate, etc. - 45- 

Specific combination of these include ferroceni- 
umtetrakis(pentafluorophenyl)borate, 1,V-dimethylfer- 
roceniumtetrakis(pentafluorophenyt)borate, 
silvertetrakis(pentafluorophenyl)borate, triphenyimeth- 
yttetrakis(pentafluorophenyl)borate. triphertylmethyltet- so. 
rakis(3,5-bistrHluoromethylphenyl)borate,. etc., most 
preferably triphenylmethyttetrakis(pentafluorophe- 
nyl)borate. 

In the boron compound (C3) represented by the for- 
mula (L-HHBC^Q^Q 4 )*, L represents a neutral ss 
Lewis base; (L-H) + represents a Brensted acid; B repre- 
sents a boron atom in the trivalant valence stat ; and Q 1 
to Q 4 are as defined in Q 1 to Q 3 in the above (C1). 



Specific examples of (L-H)+ as a Bronsted acid in 
the compound represented by the general formula (L- 
H) + (BQ 1 Q 2 Q 3 Q 4 )- include trialkyi-substituted ammo- 
nium, N.N-dialkylanilinium, dialkylammonium, triaryi- 
phosphonium, etc., and examples of (BQ 1 Q 2 Q 3 Q 4 )' 
include those as defined above. 

Specific combination of them includes triethylam- 
moniumtetrakis(pentafluorophenyl)borate, tripropylam- 
moniumtetrakis (pentafluorophenyl)borate, tri(n- 
butyi)arnmoniurntetrakis(pentafluorophenyl)borate, 
tri(n-butyl)ammoniumtetrakis(3,5-bistrifluoromethylphe- 
nyl)borate, N,N-dimethylanilinium tetrakts(perttaf!uor- 
ophenyl)borate, N.N-diethylanilinium tetrakis(penta- 
fluorophenyljborate, N,N-2,4,6-pentamethytanilin- 
iumtetrakis(pentaf (uorophenyl)borate, N, N-dimethyl- 
aniliniumtetrakis(3,5-bistrifluoromethylphenyl)borate ( 
diisopropylammonium tetrakis (pentafluorophe- 
nyl)borate, dicydohexylammonium tetrakis (pentafluor- 
ophenyl)borate t triphenytphosphonium tetrakis(penta- 
fluorophenyl)borate, tri(methylphenyl)phosphoniumtet- 
rakis(pentafluoropheny() borate, tris(dimethy1phe- 
nyl)phosphoniumtetrakis (pentafluorophenyl)borate t 
etc., and tri(n-butyl) ammoniumtetrakis(pentafluorophe- 
nyl)borate or N,N-dimethylaniIinumtetrakis(pentafluor- 
ophenyl)borate is most preferable. 

As the component (C). (C2) or (C3) is preferred and 
triphenylmethyltetrakis(pentafluorophenyl)borate or 
N.N-dimethylaniliniumtetrakis(pentafluorophe- 
nyl)borate is particularly preferred. N.N-dimethylanilin- 
iumtetrakis(pentaf luprophenyfjborate is most preferred. 

[Catalyst for olefin polymerization] 

In the present invention, as the catalyst for olefin 
polymerization, a catalyst for olefin polymerization, 
obtainable by using the above (A) and (C) as the cata- 
lyst component, or a catalyst for olefin polymerization, 
obtainable by using the above (A). (B) and (C) as the 
catalyst component is used. Preferably, a catalyst for 
olefin prepared by continuously feeding a part or all of 
the respective catalyst components in an apparatus for 
preparing a catalyst, or a catalyst for olefin prepared by 
continuously feeding the respective catalyst compo- 
nents in an apparatus for olefin polymerization is used. 
In case of feeding in the apparatus for preparing a cata- 
lyst or the apparatus for olefin polymerization, the 
respective catalyst components can be used by charg- 
ing in an arbitrary order, but an arbitrary combination 
thereof may be used after previous contact. 

In the present invention, the respective catalyst 
components are sometimes used in the state sus- 
pended or slurried in the aliphatic hydrocarbon com-' 
pound. Herein, in the present invention, the state 
suspended or slurried in the solvent means the state in 
which a solid is not completely dissolved in the solvent 
but solid particles are dispersed in the solvent In the 
present invention, the suspended state and slurried 
state are not particularly distinguished. 
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In the present invention, when the above respective 
catalyst components are fed in the state suspended or 
slurried in a solvent, the sedimentation velocity of each 
of the catalyst components in the suspended or slurried 
state is preferably lower than the flow velocity in a pipe- 
line so that each of the catalyst components are not 
deposited in the pipeline. 

In the present invention, the solvent used for dis- 
solving, suspending or slurrying in the solvent is not 
specifically limited as far as it is an aliphatic hydrocar- 
bon compound which causes no problem in use of the 
respective catalyst components. Specific examples 
thereof include butane, hexane, heptane, octane, 
cyclohexane, dodecane, liquid paraffins, etc. 

In the present invention, it is preferable to use a sol- 
vent having a high viscosity so that the sedimentation 
velocity of the respective catalyst components in the 
suspended or slurried state is lower than the flow veloc- 
ity in the pipeline. The viscosity of the solvent is prefer- 
ably not less than 0.8 cp (centipoise), more preferably 
1.4 to 1200 cp, most preferably 1.6 to 50 cp. 

Specific examples of solvents having a high viscos- 
ity include dodecane, various liquid paraffins, mixed sol- 
vents of these with other solvents. As the liquid 
paraffins, for example, commercially available liquid par- 
affins having various viscosities within about 2 to about 
2000cp can be used. Besides, the viscosity referred to 
herein means the viscosity at 20°C. 

Such a high-viscosity solvent is preferably used as 
the solvent of the above component (C). furthermore, 
preferably used as the solvent of the above components 
(C) and (A). 

In the present invention, when a pipeline is used in 
case of feeding the respective catalyst components to 
the apparatus for preparing a catalyst or apparatus for 
olefin polymerization, a diameter of the pipeline is not 
specifically limited, but is from 0.5to 100 mm, preferably 
from 1 to 50 mm, more preferably from 1.5 to 30 mm. 

The concentration of the respective catalyst com- 
ponents is appropriately selected according to the con- 
ditions such as performances of the apparatus for 
feeding the respective catalyst components to a polym- 
erization reactor, and the respective catalyst compo- 
nents are preferably used so that the concentration of 
(A) is normally from 0.01 to 500 nmol/g, preferably from 
0.05 to 100 timolfg, more preferably from 0.05 to 50 
jimol/g; the concentration of (8) is normally from 0.01 to 
10000 u.mol/g. preferably from 0.1 to 5000 umol/g, more 
preferably from 0.1 to 2000 umol/g. in terms of Al atom; 
and the concentration of (C) is normally from 0.01 to 
500 umol/g, preferably from 0.05 to 200 umol/g, more 
preferably from 0.05 to 100 umol/g. 

The above component (C) and majorities of the 
component (A) are soluble in an aromatic hydrocarbon 
solvent such as toluene, etc. to some extent, but hardly 
dissolve in an aliphatic hydrocarbon solvent. Although 
the amount of the above component (C) contained in 
the solution is small, particularly, the component (C) can 



be fed in a large amount and smaller volume by using a 
method of feeding the respective catalyst components 
in the suspended or slurried state in the solvent, favora- 
bly. 

5 The above component (C) can be fed in the amount 
of 0.0001 to 800 mmot/lrter, preferably 0.001 to 500 
mmol/liter, in terms of the number of moles of the boron 
compound based on the volume of the solvent. 

The respective catalyst components in the catalyst 

10 for olefin polymerization used in the present invention 
are preferably used so that a molar ratio of the compo- 
nent (B)/the component (A) is within the range from 0.1 
to 10000, preferably from 5 to 2000. and a molar ratio of 
the component (C)/the component (A) is within the 

is range from 0.01 to 100. preferably from 0.5 to 10. 

As the olefin, which can be applied to the polymeri- 
zation in the present invention, all of olefins having 2 to 
20 carbon atoms can be used and two or more olefins 
can also be used, simultaneously Specific examples of 

20 the olefin include straight-chain a-olefins such as ethyl- 
ene, propylene, butene-1, pentene-1. hexene-1. hep- 
tene-1 . octene-1 , nonene-1 . decene-1 . etc.; branched a 
-olefins such as 3-methylbutene-1 , 3-methylpentene-1. 
4-methylpentene-1 , 5-methyl-2-pentene-1, etc.; and 

25 vinylcyclohexane, but should not be limited to the above 
compounds in the present invention. Examples of the 
combination of olefins in the copolymerization include 
ethylene and propylene, ethylene and butene-1, ethyl- 
ene and hexene-1, ethylene and octene-1. propylene 

30 and butene-1, etc., but should not be limited to these 
combinations in the present invention. 

The present invention can be effectively applied to 
the preparation of the copolymer of ethylene and a-ole- 
fin (e.g. propylene, butene-1, 4-methylpentene-1 , hex- 

3S ene- 1 . octene-1 ), particularly. 

Also, the polymerization method should not be spe- 
cifically limited. For example, there can be performed 
solvent polymerization or slurry polymerization using an 
aliphatic hydrocarbon such as butane, peruana, hexane, 

40 heptane, octane, etc. as the solvent, high-pressure ionic 
polymerization in the absence of a solvent under high 
temperature and high pressure, gas phase polymeriza- 
tion in a gaseous monomer, etc. The polymerization can 
be performed in a continuous manner or a batch-wise 

45 manner. 

More preferably, the preferable polymerization 
method in the present invention includes a high-temper- 
ature solution method of polymerizing an olefin under 
the conditions of 120 to 250°C and 5 to 50 kg/cm 2 

so where the polymer is molten, using a solvent such as 
cyclohexane, etc. and a high-pressure ionic polymeriza- 
tion method of polymerizing an olefin in a super critical 
fluid state under high temperature and high pressure in 
the absence of a solvent in the state where the pro- 

55 duced polymer is molten. 

More preferably, the polymerization is performed at 
under a pressure of at least 300 kg/cm 2 , preferably 350 
to 3500 kg/cm 2 at a temperature of at least 1 30°C. pref - 
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erably 135 to 350°C. In this case, as a polymerization 
form, both of a batch-wise manner and a continuous 
manner are possible, but it is preferable to perform in 
the continuous manner. As a reactor, a stirring type ves- 
sel reactor or a tubular reactor can be used. The polym- 
erization can be performed in a single reaction zone. 
. Alternatively, the polymerization can also be performed 
by partitioning one reactor into a plurality of reaction 
zones or connecting a plurality of reactors in series or 
parallel. In case of using a plurality of reactors, both of a 
combination of a vessel reactor and another vessel 
reactor and a combination of a vessel reactor and a 
tubular reactor are used. In a method of polymerizing 
using a plurality of reaction zones or a plurality of reac- 
tors, polymers having different characteristics can also 
be produced by changing the temperature, pressure 
and gas composition of each reaction zone. 

The respective catalyst components are normally 
fed to the reactor with a high-pressure pump. In such a 
polymerization under high pressure, for introducing the 
catalyst into the high-pressure portion with a pump, the 
catalyst is preferably liquid-form, is homogeneously dis- 
solved in a solvent or is particle small in a particle diam- 
eter and good in dispersity when it is solid insoluble in a 
solvent In that case, the maximum particle diameter is 
preferably 50 nm or less, more preferably 30 (im or less, 
particularly 10 urn or less, most preferably 5 *im or less. 

In order to control the particle diameter of the boron 
compound (C). there can be applied a pulverization 
method and a method of adding dropwise a solution 
obtained by dissolving it in toluene to an aliphatic hydro- 
carbon solvent such as heptane, etc. for precipitating. 

A catalyst solution is normally handled under an 
inert gas atmosphere such as nitrogen, argon, etc. so 
that it is not brought into contact with water and air. 

The polymerization time is appropriately deter- 
mined according to the kind of the desired polymer and 
reactor, and the conditions are not specifically limited. In 
the present invention, a chain transfer agent such as 
hydrogen, etc. can also be added to control the molecu- 
lar weight of the copolymer. 

BRIEF DESCRIPTION OF THE DRAWING 

- Fig. 1 is a flow chart for assisting the understanding . 
of the present invention. This flow chart is a typical 
• example of an embodiment of the present inven- 
tion, and the present invention is not limited thereto. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The following Examples and Comparative Exam- 
ples further illustrate the present invention in detail but 
are not to be construed to limit the scope thereof. 

Properties of the polymers in the Examples were 
measured by the following methods. 

(1) Melt index (MFR) was measured at 190°C 



according to the method defined in J IS K-6760. 

(2) The density was determined according to J IS K- 
6760. Provided that the value of the density 
described as the density (without annealing) is a 

5 value measured without subjecting to annealing, 
whereas the value of the density described as the 
density (with annealing) is a value measured after 
annealing. 

(3) Melting point of copolymer: It was measured 
w under the following conditions by using DSC7 man- 
ufactured by PerWn-Elmer Co. 

Heating: heating to 150°C and maintaining at 
the same temperature until calorie is stabilized 
15 Cooling: cooling from 150 to 40°C (5°C/min.) 

and maintaining for 2 minutes 
Measurement: from 10 to 150°C (5°C/min.) 

(4) Content of a-ofefin: It was determined from 
20 characteristic absorption of ethylene and a-olefin 

by using an infrared spectrometer(FT-IR7300, man- 
ufactured by NIPPON BUNKO Inc.) and was shown 
as the short-chain branch (SCB) number per 1000 
carbon atoms. 

25 (5) Molecular weight and molecular weight distribu- 
tion: They were determined under the following 
conditions by using a gel permeation chromato- 
graph (150, C, manufactured by Waters Co.). 

30 Column: TSK gel GMH-HT 

Measuring temperature: set at 145°C 
Measuring concentration: 10 mg/10 ml orthod- 
ichlorobenzene 

35 Reference Example (Synthesis of transition metal com- 
poumd: dimethylsilyl(tetramethylcyclopentadienyl)(3- 
. tertbutyl-5-methyl-2-phenoxy)titanium dichloride 

(1) Synthesis of 1 -bromo-3-tert -butyl -5-methyl-2 -phenol 

40 

Under a nitrogen atmosphere, 20.1 g (123 mmol) of 
2-tert-butyl-4-methylphenoj was dissolved in 150 ml of 
toluene in a 500 ml four-necked flask equipped with a 
stirrer, and 25.9 ml (18.0 g, 246 mmol) of tert- 

as^ butytamine was then added. This solution was cooled to 
-70°C and 10.5 ml (32.6 g. 204 mmol) of bromine was 
added to the solution. The mixture was stirred for 2 
hours at -70°C. Thereafter, the mixture was heated to 
room temperature and washed three times by adding 

so 100 ml of 10% diluted hydrochloric acid every washing. 
After washing, the resulting organic layer was dried by 
using anhydrous sodium sulfate and the solvent was 
removed by using an evaporator. Then, the organic 
layer was purified by using a silica gel column to obtain 

55 18.4 g (75.7 mmol) of 1-bromo-3-tert-butyl-5-rnethyl-2- 
phenol as a colorless oil. The yield was 62%. 
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(2) Synthesis of 1 «bromo-3-tert-butyl-2-methoxy-5- 
methylbenzene 

Under a nitrogen atmosphere, 13.9 g (57.2 mmol) 
of 1-bromo-3-tert-butyl-5-methyl-2-phenol synthesized s 
in the above (1) was dissolved in 40 ml of acetonitrile in 
a 100 ml four-necked flask equipped with a stirrer, and 
3,8 g (67.9 mmol) of potassium hydroxide was then 
added. Furthermore. 17.8 ml (40.6 jg, 286 mmol) of 
methyl iodide was added, followed by continuous stir- io 
ring tor 12 hours. Then, the solvent was removed by 
using an evaporator and 40 ml of hexane was added to 
the residue, thereby to extract the hexane soluble mat- 
ter. The extraction was repeated three times. The sol- 
vent was removed from the extract to obtain 13.8g (53.7 is 
mmol) of 1-bromo-3-tert-butyl-2-methoxy-5-methylben- 
zene as a pale yellow oil. The yield was 94%. 

(3) Synthesis of (3-tert-butyl-2-methoxy-5-methylphe- 
nyOchlorodimethylsilane 

To a solution of tetrahydrofuran (31.5 ml), hexane 
(139 ml) and 1-bromo-3-tert-butyt-2-methoxy-5-methyl- 
benzene (45 g) synthesized in the above (2). a hexane 
solution (115 ml) of n-butyllithium (1.6 mol/liter) was 2S 
added dropwise at -40°C over 20 minutes. After the 
resulting mixture was maintained at -40°C for 1 hour, 
tetrahydrofuran (31 .5 ml) was added dropwise. 

To a solution of dichlorodimethylsilane (131 g) and 
hexane (306 ml), the mixture obtained above was 30 
added dropwise at -40°C. The resulting mixture was 
heated to room temperature over 2 hours, followed by 
stirring at room temperature for 12 hours. 

The solvent and excess dichlorodimethylsilane 
were distilled off from the reaction mixture under 35 
reduced pressure, and the hexane soluble matter was 
extracted with hexane from the residue. Then, the sol- 
vent was distilled off from the resulting hexane solution 
to obtain 41.9 g of (3-tert-butyl-2-methoxy-5-methylphe- 
nyl) chlorodimethylsilane as a pale yellow oil. The yield <o 
was 84%. 

(4) Synthesis of (3-tert-butyl-2-methoxy-5-methylphe- 
ny1)dimethyl(tetramethyfcyctopentadienyl)silane 

- - - - ■ ■ ■ ----- . 45 

To a solution of (3-tert-butyl-2-methoxy-5-methyl- 
phenyl)chlorodimethylsilane (5.24 g) synthesized in the 
above (3) and tetrahydrofuran (50 ml), tetramethytcy- 
clopentadienyl lithium (2.73 g) was added at -35°C and 
the mixture was heated to room temperature over 2 so 
hours, followed by stirring at room temperature for 10 
hours. 

The solvent was distilled off from the resulting reac- 
tion mixture under reduced pressure, and the hexane 
soluble matter was extracted with hexane from the resi- 55 
due. Then, the solvent was distilled off from the resulting 
hexane solution under reduced pressure to obtain 6.69 
g of (3-tert-butyl-2-methoxy-5-methylphenyl )dimethyl 



(tetramethylcydopentadienyl)silan as an yellow oil. 
The yield was 97%. 

(5) Synthesis of dimethylsilyl (tetramethylcyclopentadi- 
enyl)(3-tert-butyl-2-phenoxy)titanium dtchloride 

To a solution of (3-tert-butyl-2-methoxy-5-methyl- 
phenyf)dimethyl(tetramethylcyclopentadienyl)silane 
(10.04 g) synthesized in the above (4), toluene (100 ml) 
and triethylamine (6.30 g), a hexane solution (19.0 ml) 
of n-butyllithium (1.63 mol/liter) was added dropwise at 
-70°C. Then, the mixture was heated to room tempera- 
ture over. 2 hours and maintained at room temperature 
tor 12 hours. 

Under a nitrogen atmosphere, the mixture obtained 
above was added dropwise to a toluene solution (50 ml) 
of titanium tetrachloride (4.82 g). The resulting mixture 
was heated to room temperature over 1 hour and 
heated under reflux for 10 hours. 

The reaction mixture was filtered and the solvent 
was distilled off from the filtrate. The residue was 
r eery stall ized from a toluene-hexane mixed solvent to 
obtain 3.46 g of dimethylsilyf(tetramethylcydopentadi- 
enyl)(3-tert-butyl-5-methyl-2-pnenoxy)titanium dichlo- 
ride as an orange prismatic crystal. The yield was 27%. 

The spectrum data were as follows. 

1 H-NMR (CDCI 3 ) 5 0.57 (s. 6H). 1.41 (s. 9H), 2.15 
(s, 6H), 2.34 (s, 6H), 2.38 (s. 3H). 7.15 (s, 1H). 7.18 
(S. 1 H) 

13 C-NMR (CDCI3) 5 1.25. 14.48, 16.28. 22.47, 
31.25. 36.29. 120.23. 130.62, 131.47, 133.86. 
135.50, 137.37, 140.82, 142.28. 167.74 
Mass spectrum (CI, m/e)458 




Example 1 

Using an autoclave type reactor having an internal 
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volume of 1 liter, equipped with a stirring blade, ethylene 
and butene-1 were continuously fed in the reactor and 
polymerization was carried out. The polymerization 
conditions were set to the total pressure of 800 
kg/crrr^G. the concentration of butene-1 of 29% by mol 
and the concentration of hydrogen of 0.12% by mol. A 
hexane solution (0.7 umol/g) of dimethylsilyl (tetrameth- 
ylcycloperrtadienyl)(3-tert-butyl-5*methyl*2-phe- 
noxy)titanium dichloride. a heptane solution (35 umol/g) 
of triisobutylaluminum and N,N<fimethvlaniliniumtet- 
rakis(pentafluorophenyl)borate (obtained by atomizing 
according to a re-precipitation method using toluene 
and heptane, the particfe size is from 2 to 3 um and par- 
ticles having the particle size of not less than 10 um are 
not observed, 1.2 umol/g) dispersed in a mixed solution 
(a volume ratio of heptane: liquid paraffin • 1 :4) of hep- 
tane and liquid paraffin (Crystol 202, manufactured by 
Esso Sekiyu K.K., viscosity at 18°C - 130 cp) were pre- 
pared in separate vessels, and the respective ones 
were continuously fed in the reactor through a pipeline 
having a diameter of 3.175 mm at a feeding rate of 300 
g/hour. 360 g/hour and 750 g/hour, respectively. The 
polymerization temperature was set to 230°C. a molar 
ratio of Al atom to Ti atom was set to 60, and a molar 
ratio of boron atom to Ti atom was set to 4.4. As a result 
an ethylene-butene-1 copolymer having a melting point 
of 90.6°C f a molecular weight (Mw) of 64000 and a 
molecular weight distribution (Mw/Mn) of 1 .7 was pro- 
duced in a rate of 10 ton per one hour per mol of Ti 
atom. 

Example 2 

Using an autoclave type reactor having an internal 
volume of 1 liter, equipped with a stirring blade, ethylene 
and butene-1 were continuously fed in the reactor and 
polymerization was carried out. The polymerization 
conditions were set to the total pressure of 800 kg/cn^G 
and the concentration of butene-1 of 45.9% by mol. 
Dimethylsilyl(tetramethylcyclopentadienyl)(3-tert-butyl- 
5-methyl-2-phenoxy)titanium dichloride was dissolved 
(0.066 umol/g) in a mixed solution (a volume ratio of 
heptane: liquid paraffin = 1 :4) of heptane and liquid par- 
affin (Crystol 202. manufactured by Esso Sekiyu K.K.) 
and N.N-dimethylaniliniumtetrakis (pentafluorophe-- 
nyl)borate (obtained by atomizing according to a re-pre- 
cipitation method using toluene and heptane, the 
particle size is from 2 to 3 um and particles having the 
partide size of not less than 10 um are not observed) 
was dispersed (0.4 umol/g) in the solution. Further- 
more, the resulting suspension was adjusted so that a 
molar ratio of boron atom to Ti atom becomes 6.0. This 
mixed suspension and a heptane solution (5.47 umol/g) 
of triisobutylaluminum were prepared in separate ves- 
sels, and the respective solutions were continuously fed 
in the reactor through a pipeline having a diameter of 
3:175 mm at a feeding rate of 323 g/hour and 240 
g/hour, respectively. The polymerization reaction tem- 
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perature was set to 205°C and a molar ratio of Al atom 
to Ti atom was set to 61.7. As a result, an ethylene- 
butene-1 copolymer having a density (without anneal- 
ing) of 0.873 g/cm 3 , MFR of 6.8 g/10 min., a molecular 
weight (Mw) of 72000 and a molecular weight distribu- 
tion (Mw/Mn) of 1.7 was produced in a rate of 98.4 ton 
per one hour per mol of Ti atom. 

Example 3 

Using an autoclave type reactor having an internal 
volume of 1 liter, equipped with a stirring blade, ethylene 
and butene-1 were continuously fed in the reactor and 
polymerization was carried out. The polymerization 
conditions were set to a total pressure of 800 kg/cm 2 G 
and a concentration of butene-1 of 47.0% by mol. 
Dimethylsilyl(tetramethylcyclopentadieny0(3-tert-butyl- 
5-methyl-2-phenoxy)titanium dichloride was dissolved 
(0.066 umol/g) in a mixed solution (a volume ratio of 
heptane: liquid paraffin - 1 :4) of heptane and liquid par- 
affin (Crystol 202, manufactured by Esso Sekiyu K.K.) 
and N, N-dimethylaniliniumtetrakis (pentaf luorophe- 
nyl)borate (obtained by atomizing according to a re-pre- 
cipitation method using toluene and heptane, the 
particle size is from 2 to 3 um and particles having the 
particle size of not less than 10 um are not observed) 
was dispersed (0.4 umol/g) in the solution. Further- 
more, the resulting suspension was adjusted so that a 
molar ratio of boron atom to Ti atom becomes 6.0. This 
mixed suspension and a heptane solution (5.47 umol/g) 
of triisobutylaluminum were prepared in separate ves- 
sels, and the respective ones were continuously fed in 
the reactor through a pipeline having a diameter of 
3.175 mm at a feeding rate of 373 g/hour and 283 
g/hour, respectively. The polymerization reaction tem- 
perature was set to 206°C and a molar ratio of Al atom 
to Ti atom was set to 63.3. As a result, an ethylene- 
butene-1 copolymer having a density (without anneal- 
ing) of 0.867 g/cm 3 , a melting point of 42.6°C and a 
MFR of 1 1 .8 g/10 min. was produced in a rate of 106.3 
ton per one hour per mol of Ti atom. 

Example 4 

Using an autoclave type reactor having an internal 
volume of 1 liter, equipped with a stirring Wade, ethylene 
and butene-1 were continuously fed in a reactor and 
polymerization was performed. The polymerization con- 
ditions were set to a total pressure of 800 kg/cm 2 G and 
a concentration of butene-1 of 43.9% by mol. Dimethyl- 
si lyl(tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl- 
2-phenoxy)titanium dichloride was dissolved (0.066 
umol/g) in a mixed solution (a volume ratio of heptane: 
liquid paraffin « 1:4) of heptane and liquid paraffin 
(Crystol 202, manufactured by Esso Sekiyu K.K.) and 
N.N-dimethylaniliniumtetrakis (pentafluorophenyl)bor- 
ate (obtained by atomizing according to a re-precipita- 
tion method using toluene and heptane, the particle size 
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is from 2 to 3 jim and particles having the particle size 
of not less than 10 nm are not observed) was dispersed 
(0.4 umol/g) in the solution. Furthermore, the resulting 
suspension was adjusted so that a molar ratio of boron 
atom to Ti atom becomes 6.0. This mixed suspension 
and a heptane solution (5.47 jimol/g) of triisobutylalumi- 
num were prepared in separate vessels, and the 
respective ones were continuously fed in the reactor 
through a pipeline having a diameter of 3.1 75 mm at a 
feeding rate of 290 g/hour and 270 g/hour, respectively. 
The polymerization reaction temperature was set to 
205°C and a molar ratio of boron atom to Ti atom was 
set to 77.2. As a result, an ethylene-butene-1 copolymer 
having a MFR of 13.3 g/10 min. was produced in a rate 
of 104.5 ton per one hour per md of Ti atom. 

Example 5 

Using an autoclave type reactor having an internal 
volume of 1 liter, equipped with a stirring blade, ethylene 
and hexene-1 were continuously fed in a reactor and 
polymerization was performed. The polymerization con- 
ditions were set to a total pressure of 796 kg/cnrfta and 
a concentration of hexene-1 of 29.7% by mol. A heptane 
solution obtained by mixing dimethylsilyl (tetramathylcy- 
clopentadienyl)(3-tert-butyl-5-methyl-2-phenQxy)tita- 
nium dichloride and triisobutylaJuminum (the 
concentrations of the complex and triisobutylaluminum 
are 0.37 ^mol/g and 18.5 jimol/g, respectively, and a 
molar ratio of Al atom to Ti atom is 50) and a suspension 
(0.71 umol/g) of triphenylmethyHetraks (pentafluoroph- 
enyl)borate (a maximum particle diameter of 20 urn or 
less) atomized by wet pulverization, suspended in a 
mixture (a volume ratio of heptane: liquid paraffin = 1 :4) 
of heptane and liquid paraffin (Crystol 202, manufac- 
tured by Esso Sekiyu K.K.), were prepared in separate 
vessels, and the respective solutions were continuously 
fed in the reactor through a pipeline having a diameter 
of 3.175 mm at a feeding rate of 246 g/hour and 484 
g/hour, respectively. The polymerization temperature 
was set to 210°C and a molar ratio of boron atom to Ti 
atom was set to 3.6. As a result, an ethylene-hexene-1 
copolymer having a MFR of 3.8 g/10 min. and a density 
(without annealing) of 0.889 g/cm 3 was produced in a 
rate of 28 ton per one hour per mol of TI atom. 

Example 6 

Using an autoclave type reactor having an internal 
volume of 1 liter, equipped with a stirring blade, ethylene 
and hexene-1 were continuously fed in a reactor and 
polymerization was carried out The polymerization 
conditions were set to a total pressure was set to 796 
kg/cnAj and a concentration of hexene-1 of 31.6% by 
mol. A heptane solution obtained by mixing cfimethylsi- 
lyl(tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2- 
phenoxy)titanium dichloride and triisobutylaluminum 
(the concentrations of the complex and triisobutylalumi- 



num are 2 nmot/g and 200 umol/g, respectively, and a 
molar ratio of Al atom to Ti atom is 100) and a liquid par- 
affin (a mixture of Crystol 202(130 cp at 18°C) manufac- 
tured by Esso Sekiyu K.K.:IP Solvent 2028(3.2 cp at 

5 19°C) manufactured by Idemrtsu Petrochemical Co., 
Ltd. - 60:40 (% by volume)) suspension (7.0 umol/g) of 
N,N-dimethyianiliniumtetrakis(pentafluorophe- 
nyf)borate atomized by wet pulverization (maximum 
particle diameter: not more than 20 um) were prepared 

10 in separate vessels, and the respective ones were con- 
tinuously fed in the reactor through a pipeline having a 
diameter of 3.175 mm at a feeding rate of 90 g/hour and 
1 95 g/hour, respectively. The polymerization tempera- 
ture was set to 220°C and the molar ratio of boron atom 

is to Ti atom was set to 7.6. As a result, an ethylene-hex- 
ene-1 copolymer having a MFR of 5.8 g/10 min. ( a den- 
sity (without annealing) of 0.888 g/cm 3 , a melting point 
of 69. 8° C and SCB of 32.6 was produced in a rate of 1 1 
ton per one hour per mol of Ti atom. 

20 

Example 7 

Using an autoclave type reactor having an internal 
volume of 1 liter, equipped with a stirring blade, ethylene 

25 and hexene-1 were continuously fed in a reactor and 
polymerization was carried out. The polymerization 
conditions were set to a total pressure of 796 kg/crr^G 
and a concentration of hexene-1 of 31.1% by mol. A 
heptane solution obtained by mixing dimethyls!- 

30 lyl(tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2- 
phenoxy)titanium dichloride and triisobutylaluminum 
(the concentration of the complex and that of triisobuty- 
laluminum are 0.37 jimol/g and 18.5 |imol/g, respec- 
tively, and the molar ratio of Al atom to Ti atom is 50) 

35 and a liquid paraffin (a mixture of Crystol 202 manufac- 
tured by Esso Sekiyu K.K.:IP Solvent 2028 manufac- 
tured by Idemitsu Petrochemical Co., Ltd. » 60:40 (%by 
volume)) suspension (1.39 umol/g) of N,N-dimethyl- 
aniliniumtetrakis(pentafluorophenyl)borate atomized by 

40 wet grinding (maximum particle diameter: not more than 
20 jirn) in a mixed solution were prepared in separate 
vessels, and the respective ones were continuously fed 
in the reactor through a pipeline having a diameter of 
3.175 mm at a feeding rate of 745 g/hour and 1235 

45 g/hour, respectively. The polymerization temperature 
was set to 247°C and the molar ratio of boron atom to Ti 
atom was set to 6.22. As a result, an ethylene-hexene-1 
copolymer having a MFR of 55 g/1 0 min. and a density 
(without annealing) of 0.886 g/cm 3 was produced in a 

so rate of 13 ton per one hour per mol of Ti atom. 

Industrial Applicability 

As described above, according to the present 
55 invention, there can be provided, in a method of produc- 
ing an olefin polymer using a transition metal com- 
pound, a method not requiring use of an aromatic 
hydrocarbon solvent which is liable to remain in a poly- 
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mer as the product and to give off an odor. 
Claims 

1 . A method for producing an olefin polymer charac- s 
terized by homopolymerizing an olefin or copolym- 
erizing two or more olefins in the presence of a 
catalyst for olefin polymerization, comprising the 
following (A) and (C) as catalyst components, or a 
catalyst for olefin polymerization, comprising the 10 
following (A), (B) and (C) as catalyst components: 

(A) a transition metal compound dissolved, 
suspended or slurried in an aliphatic hydrocar- 
bon compound; is 

(B) a compound dissolved, suspended or slur- 
ried in an aliphatic hydrocarbon compound, 
which is selected from the following (B1) to 
(B3): 

20 

(81 ) an organoaluminum compound repre- 
sented by the general formula E 1 a AI2 3 . a ; 
(B2) a cyclic aluminoxane having a struc- 
ture represented by the general formula {- 
AI(E 2 )-0-} b ; and zs 
(B3) a linear aluminoxane having a struc- 
ture represented by the general formula 
E 3 {-Al(E 3 )-0-) c AIE 3 2 (wherein E 1 to E 3 
respectively represents a hydrocarbon 
group having 1 to 8 carbon atoms, and all 30 
of E 1 , E 2 and E 3 may be the same or differ- 
ent; Z represents a hydrogen atom or a 
halogen atom, and all of Z may be the 
same or different; a represents a numeral 
satisfying 0 < a s 3; b represents an inte- 35 
ger of not less than 2; and c represents an 
integer of not less than 1 ), and 

(C) at least one boron compound suspended or 
slurried in an aliphatic hydrocarbon compound, 40 
which is selected from, the following(Cl) to 
(C3): 

(C1) a boron compound represented by 

the general formula BQ 1 Q 2 Q 3 ; 

(C2) a boron compound represented by 
the general formula G + (BQ 1 Q 2 Q 3 Q 4 )*; and 
(C3) a boron compound represented by 
the general formula (L-H) + (BQ 1 QpQpQ 4 )' 

50 

(wherein B represents a boron atom in the tri- 
valent valence state; Q 1 to Q 4 may be the same 
or different and represent a halogen atom, a 
hydrocarbon group having 1 to 20 carbon 
atoms, a halogenated hydrocarbon group hav- ss 
ing 1 to 20 carbon atoms, a substituted silyl 
group having 1 to 20 carbon atoms, an alkoxy 
group having 1 to 20 carbon atoms or an amino 



group having 2 to 20 carbon atoms; G + repre- 
sents an inorganic or organic cation; L repre- 
sents a neutral Lewis base; and (L-H) + 
represents a Bronsted acid). 

2. The method for producing an olefin polymer 
according to claim 1, wherein (A) is a transition 
metal compound dissolved in an aliphatic hydrocar- 
bon compound. 

3. The method for producing an olefin polymer 
according to claim 1 , wherein the transition metal 
compound is a transition metal compound contain- 
ing a group having at least one cydopentadiene 
type anionic skeleton. 

4. The method for producing an olefin polymer 
according to claim 1 , wherein (B) is triethylalumi* 
num. triisobutylaluminum. methylalumtnoxane or 
isobutylaluminoxane dissolved, suspended or slur- 
ried in an aliphatic hydrocarbon compound. 

5. The method for producing an olefin polymer 
according to claim 1 , wherein (C) is N.N-dimethyl- 
aniliniumtetrakis(pentafluorophenyl)borate or 
triphenylmethyltetrakis(pentafluorophenyl)borate 
suspended or slurried in an aliphatic hydrocarbon 
compound. 

6. The method for producing an olefin polymer 
according to any one of claims 1 to 5, wherein the 
catalyst for olefin polymerization is a catalyst for 
olefin polymerization prepared by continuously 
feeding a part or all of the respective catalyst com- 
ponents in a device for preparing a catalyst, or a 
catalyst for olefin polymerization prepared by con- 
tinuously feeding the respective catalyst compo- 
nents in a device for olefin polymerization. 

7. The method for producing an olefin polymer 
according to any one of claims 1 to 5, wherein the 
aliphatic hydrocarbon compound in (C) is an 
aliphatic hydrocarbon compound having a viscosity 
of not less than 0.8 cp. 

8. The method for producing an olefin polymer 
according to any one of claims 1 to 5, wherein the 
aliphatic hydrocarbon compounds in (C) and (A) 
are aliphatic hydrocarbon compounds having a vis- 
cosity of not less than 0.8 cp. 

i 

9. The method for producing an olefin polymer 
according to any one of claims 1 to 5, wherein a 
maximum particle diameter of the boron compound 
in (C) is not more than 50 urn. 

10. The method for producing an olefin polymer 
, according to any one of claims 1 to 5. wherein the 
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olefin polymer is a copolymer comprising ethylene 
and a-olefin. 
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